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SUMMARY 



A general investigation of underslung cooling-air 
ducts in various locations on a model of a typical single- 
engine tractor airolane has been conducted in the NACA 
full-scale tunnel. This report contains the results of 
tests of two forward underslung ducts. These tests 
were made to determine the effect of the inlet- velocity 
ratio, the angle of attack, the radiator resistance, and 
the propeller operation on the pressure recovery at the 
radiator, on the drag of the cooling installation, and 
on the critical speed of the ducts. Pressure measure- 
ments were made at the duct inlets and at the face of 
the radiator to determine the diffuser losses, and at 
the duct outlets to find the volume rate of air flow 
through the duct. The drag of the various duct instal- 
lations was obtained from force tests of the model with 
the ducts installed and removed* Static-pressure 
distributions were taken at the duct lips and at the 
duct-fuselage fillets to determine the critical speed 
of the ducts. 

At low values of lift coefficient, with the propeller 
removed, pressure recoveries greater than 90 percent of 
the free-stream dynamic pressure were obtained at values 
of inlet- velocity ratio from O.lj-0 to 0.75, Propeller 
operation increased the pressure recovery 7 percent of 
t'he free-stream dynamic pressure at a thrust coefficient 
of 0.02 and about ij.^ percent of the free-stream dynamic 
pressure at a thrust coefficient of 0.11. Reductions 
in the outlet static pressure as large as 50 percent of 
the free-stream dynamic pressure were obtained by the 
installation of 14.5^ exit' flaps with the propeller 
removed, and even greater reductions were noted with 
the propeller operating. The lowest critical speed was 
measured at the left duct-fuselage fillet with the 
propeller operating . 
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INTRODUCTION 



A general investigation of charge-air and cooling-air 
d-ucts, installed in a full-scale model of the Republic 
XP-I4.7 airplane, has been made in the NACA full-scale 
tunnel to provide a basis for comparing several typical 
duct installations with regard to the pressui-^e recoveries 
obtainable at the radiators, the drag of the complete 
ducting system, and the critical speed of the inlet lips. 
The results of tests of the engine-charge-air ducts with 
inlets located on the top of the fuselage and of the 
cooling-air ducts with inlets located in the wings and 
on the bottom of the fuselage behind the leading edge of 
the wing are given in references 1 to 5. The results of 
the tests of the underslung dixcts with inlets close to 
the propeller are presented in this report • 

Tests were made to determine the performance of a 
large and a small forward mder slung duct over a range 
of airplane angles of attack, duct inlet-velocity ratios, 
and radiator resistances. Most of the tests were m^ade 
with the propeller removed fromi the airplane. Some 
tests were made, hov/ever, with the propeller operating 
to determine the effects of the slipstream on the duct 
characteristics . 



SYTvIBOLS 




lift coefficient 



thrust coefficient 




AC 



D 



increment of drag coefficient duo to duct 




calculated increment of internal-drag coefficient 



AC 



increment of drag coefficient due to external 
drag of duct (ACq - ACp.N 




AD 



increment of drag due to duct 



thrust 



P 



m.ass density of air 
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V velocity 

D propeller diameter 

A cross-sectional area of duct 

S wing area 

p local static pressure 

q dynamic pressure 

Ap pressure drop across orifice plate representing 

radiator 

pre s sure -dror) coefficient for orifice plate 

q2 

H total pressure 

Q volume rate of flow 

Q/V^ air- flow parameter 

V]_/V^ inlet- velocity ratio 

T) duct efficiency (Q An/ADVo) 

a angle of attack of thrust axis relative to free- 

stream direction 

p propeller blade angle at 0.75 radius 

Subscripts (denoting average conditions): 

0 in free stream 

1 in duct inlet 

2 at front face of orifice plate 
5 at duct outlet 

cr critical 
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APPARATUS AND METHODS 



The model used In these tests is a typical low-wing 
single-engine fighter airplane with a wing area of 
170 square feet. The general ' arrangement of the model 
and the basic dimensions are given in figure 1, For 
the tests with the propeller operating, the model was 
equipped with a 10-f oot-diam^etor Curtlss controllable- 
pitch propeller that was driven by an electric m.otor. 
The propeller had 61I4.C cl . 5-2lj. blades, the shanks of 
which were covered with cuffs shown in figure 2. The 
model is shown mounted in the NACA full-scale tunnel in 
figure 3. A description of the NACA full-scale tunnel 
and the balance equipment used in these tests is given 
in reference I4.. 

The large and small forward underslung ducts are 
shown Installed on the model in figures ij. and 5^ 
respect! vel7/. Photographs of the inlets and outlets 
are s?iown in figures 6 and 7 and the general dimensions 
of the ducts are given in figures 8 and 9. Each duct 
y;a3 tested v/ith three outlets in order to vary the volume 
rate of air flow. These f'gures show that the outlet 
area of the ducts was varied by cutting back the duct 
exit from the original position^ Some additional tests 
were made to determine tho effect on the pressure distri- 
bution and tctal-precsure recovery at the face of the 
radiator of three equally spaced radial vanes Installed 
in the diffuser of the large duct. 

Total-pressure measurements were made at the duct 
inlet and at the front of the radiator to determine the 
pressure loss in the diffuser. The volume rate of flow 
through each duct was cal ciliated from measurements of 
total and static pressures in the duct outlets. Static- 
pressure distributions, for the purpose of estimating 
the critical speeds of the duct lips and the duct-fuselage 

fillets, were determined by use of rows of -i — inch static- 
f 32 

pressure orifices mounted flush v\^ith the outer surface of 

the section. The ordinate s of the lower lips are given 

in table I. 

The effect of the slinstream on the duct performance 
was obtained with the propeller operating at thrust 
coefficients sim.ulatlng the sea-level high-speed and 
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climbing-flight conditions for an airplane with a normal 
rating of I6OO horsepower. For the high-speed condition, 
C]^ = 0.10, the propeller blade angle was 60^ and the 
thrust coefficient was 0.02. For the climb condition, 
Cl = O^klf blade angle was i^O^ and the thrust 

coefficient 0,11. 

The effect of the various duct installations on the 
drag of the model was determined from the force tests 
with the duct installed on the airplane and with the 
duct removed. These force tests were made over a range 
of lift coefficient from -0.2 to 0,5 at a tunnel air 
velocity of approximately 96 miles per hour. The incre- 
ments of internal drag were calculated from the volume 
rate of air flow and the exit total pressure. 

The relationship between the lift coefficient and 
the angle of attack for this airplane is given in 
figure 10. 



RESULTS AND DISCUSSION 



The presentation of the results is divided into 
four sections in which the requirements for satisfactory 
duct performance are discussed. These requirements 
include (1) high pressure recovery at the front of the 
radiator, (2) low available outlet static pressures for 
adequate control of flow through the radiator, (3) low 
drag over the speed range from high speed to climbing 
speed, and (ij.) high critical speed of the duct. In the 
first section the effects of the inlet- ve locity ratio, 
the lift coefficient, and the propeller thrust on the 
pressure recovery at the radiator are discussed. In the 
second section the static pressure at the duct outlet is 
discussed as a function of the geometric dimensions of 
the outlet section of the duct, the lift coefficient, 
and the thrust coefficient. In the same section the 
effect on the outlet static pressure of installing outlet 
flaps is described. The internal drag caused by flow 
through the duct and the external drag caused by flow 
disturbances over the duct are discussed separately in 
the third section. The effects of the inlet- velocity 
ratio, the lift coefficient, and the propeller operation 
on the critical speed of the ducts are discussed in the 
fourth section. 
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Pressure Recoveries at Radiator 

The total-pressure recovery at the radiator Is 
determined hy the losses that occur at the duct Inlet 
and in the duct dlffuser. The pressiure losses at the 
Inlet are caused by separation of the boundary layer 
from the fuselage surface just ahead of the Inlet. 
Since the boundary layer at the inlet to a forward 
underslung duct is usually very thin, there is little 
tendency toward separation and the inlet losses are very 
small (fig. 11) over the normal range of design inlet- 
velocity ratio Vi/Vq f^om 0.i+ to 1.0. It is therefore • 
apparent that total-nressure recoveries appreciably 
below the full free-strean dynamic pressui'e will occur 
in forward undersl^ong; ducts only wnen there are large 
pressure losses in the dlffuser. The losses that occur 
in the dlffuser are d5.scussed in the following paragraphs 
as a function of the inlet- velocity ratio, the lift 
coefficient, and the propeller thrust. 

Effect of i nlet- velocity ratio.- The variation of 
the aire rage total ore ssuro at'H^lie face of the orifice 
plate with the inlet- velocity ratio is shown in figure 12. 
At a lift coefficient of 0.10, with the propeller removed, 
pressure recoveries greater than 90 percent of the free- 
stream dynamic pressure (0.90q^) were recorded in both 
the large and the small forward underslung ducts at 
values of Vi/V^ f^om O.ij.0 to O.75. The inle t- velocity 
ratio at which the peak recovery was obtained and the 
range of inle t- velocity ratios over which high pressure 
recoveries were obtained decreased with increasing lift . 
coefficients. From the scatter of the test points, it 
is evident that any differences in recovery caused by 
changes in the resistance of the radiator are well within 
the accuracy of the measurements. 

The pressures at the face of the orifice plate are 
presented as contour maps in figure 13. At 0^ = 0.10 
and V^/Vq - 0.^5 the total-pressure recovery was high 
and uniform over the central part of the radiator and^ 
decreased slowly toward the edges. Increasing the inlet- 
velocity ratio to 0.7ij. reduced the recovery near the duct 
walls still further. At Vi/Vq = O.9I+ very low pressures 
were measured at the bottom of the radiator which 
Indicated that separation occurred in the lower part of 
the dlffuser. 
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For corresponding inlet- velocity ratios, the pressure 
losses at Cl = 0.39 were greater than the pressure 
losses at Cl = 0.10. 

The effect of changing the inlet- velocity ratio 
on the flow over a duct lip is analogous to changing 
the angle of attack of an airfoil. At low values 
of V]_/Vo, the streamlines expand ahead of the duct 
and in effect cause the duct lip to operate as an airfoil 
at a high angle of attack (sketch (a)'), with the inner 




(a) V^/Vo < O.k. (b) ViAo ^ 1.0. 

surface of the lip corresponding to the lower surface 
of the airfoil. In this condition the flow over the 
inner surface of the lip is snooth, but on the outer 
surface there is a tendency toward high negative pres- 
sures and separation from the lip. With increasing 
inlet- velocity ratios, the angle of attack of the lip 
decreases until at some inlet velocity the lip operates 
at a negative angle of attack (sketch (b)) and the 
tendency toward separation occurs on the inner surface 
of the lip. The exact value of Vi/Vq at which sepa- 
ration, if any, will occur depends upon the camber, the 
leading-edge radius, and the allnement of the duct lip. 

Effect of lift coefficient .- In order to determine 
the effect of changes of lift coefficient on the pressure 
at the face of the orifice plate, tests v^ere made with 
constant outlet area and flap position at lift coeffi- 
cients ranging from 0.1 to O.9. The results of these 
tests (figs. llj. and I5 ) show that increasing Cl 

decreased both the recovery and the inlet-velocity ratio. 
In order to separate the changes in recovery caused by 
varying the lift coefficient from those associated with 
the variations in inlet- velocity ratio, the curves of 
figure 12 have been cross-plotted at constant values 
of Vi/Vq and are presented in figure I6 • These data 
show that, over a range of lift coefficient from 0.1 
to 0.9, the total-pressure recovery at inlet-velocity 
ratios of about O.5 varied less than O.O^q^ and that 
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the adverse effect of changes in Cl increased rapidly 
with inlet- velocity ratio. 

The effects of lift coefficient on the pressure 
recovery at the radiator are readily explained by the 
airfoil analogy used in the preceding section. At low 
lift coefficients the duct lip is alined with the 
approaching air stream and the flow over the lip is 
smooth (sketch (c)). As Gj^ increases, the stagnation 




(c) Low Or.. (d) High Gj^. ' 

point moves to the under side of the* lip and the flow 
tends to separate from the lower wall of the duct 
(sketch (d)). 

With vanes Installed in the diffuser the recovery 
at Gj^ = 0,10 was slightly lower than without vanes 

(fig. II4.); the vanes, however, reduced the- adverse 
effects of increasing lift coefficient. 

Pro peller or^eratio n, - The effect of the TDropeller 
operatTon on the~ariation of the total pressure at the 
face of the orifice plate with inlet- velocity ratio is 
shown in figure I7 for the large forward underslung 
duct. In the high-speed attitude, • Cl =0.10 and 
Vl/Vo - 0«5> the pressure recovery with the propeller 
operating at T^ = 0.02 was about O.OYq^ greater than 
that with the nroreller removed. In the climb condition, 
Cl = 0.1^.7, Tc = b.ll, and Vi/Vq = 0.8, the total 
pressure at the radiator was □•l+^qo. greater than with 
the propeller removed. These data show that the range 
of inlet-velocity ratios .over" which the pressure 
recovery remains substantially constant, was much greater 
with the propeller operating than -with the propeller 
removed. For convenience in comparison, the inlet- 
velocity ratio with the propeller operating has been 
based on the free-stream velocity and not on the velocity 
in the slipstream. 
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The subscantial Increase in the total pressure 
obtained at the face of the radiator with the propeller 
operating, particularly at the climb thrust coefficient, 
is largely attributed to the cuffs installed on the 
shanks of the propeller blades. Ordinarily, this 
portion of the propeller, with its poor blade sections, 
contributes little to the propeller thrust. V/ith the 
cuffs installed, hov/evar, a more nearly uniform radial 
propeller-^load distribution is possible with a resultant 
increase in the total pressure behind the inner sections 
of the nropeller blade • This effect becomes greater for 
the high propeller loadings of the climb condition. The 
cuffs also serve to increase the critical speed of the 
propellar-blado shanks . 

Results obtained with constant outlet area show the 
effect of the propeller operation on both the pressure 
recovery and the inlet- velocity ratio. (See fig. l6.) 
At the high-speed T^ of 0.02, a slight increase in the 
pressure recovery and the inlot- velocity ratio was 
caused by propeller operation; at the climb Tq of 0.11, 
however, the increases in the recovery and in the inlet- 
velocity ratio ware much larger. 

Typical pressure distributions at the radiator with 
the propeller removed and operating are presented in 
figure 19. In the high-speed attitude, Cl = 0.10, at 
an inlet- velocity ratio of O.58, the slipstream at 
Tc = 0.02 increased the total pressure at the radiator 
approximately 0.07q^ with no great change in the 
distribution. In the climb attitude, Cl = 0.^4-7, with 
the propeller operating at Tq = 0.11, the average 
total pressure at the radiator was 0.1j.0q^ greater 

than for the propeller-removed tests. The contour map 
indicates that the core of high pressures which was 
concentrated in the upner part of the radiator in the 
propeller-removed tests has moved to the center of the 
duct. 

The effects of propeller operation with the small 
forward imderslung duct are given in table II. These 
data are insufficient to make as thorough an analysis 
as for the large duct, but the effects appear to be 
generally similar. In the climb attitude with Tq = 0.11, 
the average total oressure at the radiator was lower, at 
low values of V^/V^, for the small duct than for the 
large duct. (See table II and fig. I7.) It is probable 
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that £.t the low values cf V^/Vq a greater proportion 
of the air entering the small duct inlet is affected by 
the loss efficient inner portion of the propeller blade. 

Pressures behind Radiator 

The quantity of air flowing through a duct may be 
determined from the total- and static-pressure measurements . 
at the duct exit. The static pressure at the duct exit 
is primxarily dependent upon the convergence of the outlet 
section of the duct and the angle at v^hich the flow from 
the duct is discharged into the free stream. lYhen the 
air is discharged from a rapidly contracting outlet 
section, its velocity continues to increase for some 
distance downstream of the exit and usually results in 
static pressures at the outlet that are higher than the 
pressure of the neighboring free stream. 

Discharging the air at too great an angle to the 
free stream changes the adjacent external static pressure, 
and consequently the exit static pressure, as a result 
of an effective thickening of the body in the region 
just behind the exit. Some of these effects and the 
effects of changes in angle of attack of the model and 
propeller operation on the outlet static pressures are 
discussed in the following paragraphs. 

Effect o f out let design ,- Shortening the outer skirt 
of the outle t"T!alring to increase the outlet size also 
changed the rate of convergence and angle of discharge 
of the outlet. (See figs, 8 and 9.) The effect of these 
changes on the static pressure in the outlet is shown 
in figures 20 and 21. These plots Indicate that the 
lowest static pressures will occur in slowly converging 
outlets discharging the cooling-air flow parallel to 
the local external stream. The static pressure in the 
outlet will be identical with the static vressure of 
the outside flow at the opening if the outlet duct is 
so designed that the streamline dividing the internal 
and external fields is straighto 

Effect of exit flaps .- The effect of installing 
exit flaps was to decrease the exit static pressure by 
approximately 0.55q^ in the exits of both the large 
and small ducts. Average static presvsures as low as 
"Oohb^o obtained with the propeller removed, 

values which are indicative of good exit-flap ef f ectivemaa 
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Effect of lift coefficient The variation of 
average outlet static nressure with lift coefficient 
is shown in figures 22 and 23. Increasing the lift 
coefficient of the airolane increased the static 
oressure at the duct outlets. The Increase was approxi- 
mately 0.15q^ without exit flaps and approximately 
twice that value with Ij_5^ exit flaps installed, when 
the lift coefficient was increased from 0.10 to 0.89, 
The effect is attributed to a rearward movement of the 
stagnation region on the bottom of the fuselage when the 
angle of attack of the airnlane is increased. 

Bfx^ect of propeller operation ^- The effect of 
propeller operation on the outlet static pressure may 
be obtained by a comparison of figures 20 and 2)4.. At 
Cl = 0*10 and with no exit flap, the difference between 
the propeller-operating (T^ = 0,02) and the propeller- 
removed static pressures was negligible. At Tc = 0.11, 
for which case Cl - 0 .k'J , the static pressure increased 
slightlv with no outlet flaps and decreased from -0.09qQ 
to -Oo2:3q^ with outlet flans installed. With an average 
total pressure of about 1.20q^ at the face of the 
radiator (fig. 17) and an average outlet static pressure 
of -0.Lj.Oq (fig. 2I;), a pressure difference of approxi- 
mately l.bOq^ is available for forcing air through the 

duct in the clim.b attitude with the r)ropeller operating 
at T^ ^ 0.11. 

Drag and Duct Efficiency 

A sumjnarv of the drag data for the model with the 
large and small forward underslung ducts installed is 
presented in tables III and IV. The increment of the 
drag coefficient due to the duct AC-q is the difference 

between the drag of the model with the duct installed 
and with the duct removed. 

In order to facilitate analysis, the drag increment 
is divided into two parts: (1) the drag caused by losses 
in the duct (internal drag) and (2) the drag caused by 
changes in the external flov/ (external drag). The 
increment of internal drag coefficient is equal to the 
momentum loss through the duct calculated by the formula 
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The external drag is the difference between the calculated 
ACj>, and the total increment measured by the foi^ce tests 

and may be expressed as 

ACd^ = ACd - ACDi 

The increase in drag that accompanied the increase 
in the outlet area of the ducts v/as due mainly to an 
increase in the Internal drag of the installations as 
a result of the larger volume rate of air flow. The 
larger volume rate of flov; caused an increase in the 
pressure drop across the orifice plate and generally 
increased the d iff user pressure losses. The increment 
of total drag coefficient ACd ^'^^ to the large forward 
undersliong d\act varied from 0.0011 to 0.0029 and for the 
sm.all duct from O.OOIJ to 0.0022 (tables III and IV), 
depending upon the nominal pressure drop of the radiator 
and the volume rate of air flow. 

In order to coinpare the internal drag of the two 
ducts, the internal-drag coefficient has been plotted 
as a function of the inle t- velocity ratio in figure 25. 
This figure shows that, for equal values of pressure 
drop for the orifice plate and Inlet- velocity ratio, 
the internal-drag coefficient of the small duct was 
higher in some instances than that of the large duct. 
The internal-drag coefficient was higher even though at 
equal values of V^^/^o volume rate of air flow 

through the smaller duct was less than that for the 
large duct. The higher internal drag of the small duct 
is caiised by the difference in the expansion between 
the inlet and the radiator. The ratio of orifice-plate 
area to inlet area is 2.5^for the large duct and 2.0 for 
the small duct (see figs. 8 and 9)5 thus, for a given 
V-]_/Vq and Ap/q2 the dynamic pressure ^2 hence 

the pressure drop Ap and the over-all pressure 
drop - in the small duct are greater than in 

the large duct. 

The calculated Increment of drag coefficient due 
to the external drag of the duct ACp^ varied from 0 

to 0.0010 with the large duct installed and from 
0 to O.OOOl; with the small duct installed. (See tables III 
and IVt ) In the case of the small duct, the increment of 
external drag generally increased with Ap/qp and 
appeared to be approximately the same for both the 
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mediim and the large outlets • With the large duct 
installed, the values of ACd increased with the size 

of the outlet and appeared to decrease with increasing 
Ap/q2» A ri.ajor part of the Increment of external drag 

is attributed to the interference effects associated 
with tho mj Xing of two streams of unequal velocity and 
with differ-dnt flov/ directions. 

The efficiency of each duct 1*), defined as the 
ratio of the minimum pov/er required to force the cooling 
air thr-ou.gh the radiator to the power needed to overcome 
the dra^^ of the complete installation, has been calculated 
and tho values are presented in tables III and IV. At 
inlet - •/clocity ratios below 0.62 the efficiency of the 
large duct was greater than JO percent but decreased 
rapidly above an inlet- velocity ratio of about 0.70. The 
effici3ncy of the small duct was consistently lower than 
that of the large duct at the same V]_/Vq and Ap/q2 

valiies because of the relatively higher internal drag. 



Critical Speeds 

The critical speeds of the duct inlet lips were 
estimated from the surface static pressures measured 
at a tijinnel speed of 96 miles per hour by using the 
von Karmun-Tsien pressure extrapolation obtained from 
reference S. These extrapolations are shown in figure 26. 

P • Po 

The minimum pressure coefficients were determined 

^o 

from pressure distributions measured over the lip at the 
bottom of the duct inlet and in the duct-fuselage fillets. 

Effect of i n let- velocity ratio .- The critical Mach 
number increased* linearly with the inlet- velocity ratio 
as shov/n in figure 27 for the small duct. Typical 
pressui^e distributions over the lip of the small forward 
undersl^jing duct (fig. 28) show the change in distribution 
that accompanied changes in inle t- velocit;/ ratio. It is 
noted that the stagnation point moves outv/ard as V^/Vq 

increases and that the peak negative pressures are 
reduced . 

Effect of lift coefficient . > In figure 29 the 
critical Mach number of the small forward under 3 lung 
duct is shown as a function of the lift coefficient of 
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the airplane with propeller removed* Increasing the 
lift coefficient caused substantial increases in the 
critical speed of the lower part of the duct lip but 
decreased the critical speed of the sections along 
the duct-fuselage fillets. The rate of change of 
critical Mach number with lift coefficient was much 
greater at the bottom of the ducts than in the fillets. 

gffect of 'oropeller operation *-^ The critical Mach 
number of the various sections of "the lip of the small 
duct^ determined from tests with the propeller removed 
and with the propeller operating, are shown as a function 
of the inlet- velocity ratio in figure 50* At the bottom 
of the duct lip, the critical speed of the section varied 
slightly and irregularly with propeller operation. 
Along the left fillet, M^r^ ^'^^ slightly lower with 
propeller operating; whereas, along the right fillet 
the. critical speed was substantially greater v;ith 
propeller operating than with the propeller removed. 
This effect is nrobably due to the slipstream, rotation 
which decreases the effective angle of attack on the 
right side of the duct be?ilnd the downgoing propeller 
blades and increases the effective angle of attack on 
the left side of the duct behind the upgoing propeller 
blades. 

The critical speed of the left fillet for the high- 
speed condition, 0.10, T^ = 0,02, and Vi/V^^O.^O, 

was estimated to be about l;.Q^ miles per hour at standard 
sea-level conditions. The critical speed of both the 
lower duct lip and the right duct-fuselage fillet were 
higher than the critical speed of the left fillet. 

A similar but less thorough investigation was made 
of the critical speed of the inlet to the large duct 
with sim.ilar results which are iiot presented here. 



S'MARY OP RESULTS 



Tests of forward under slung ducts on a typical 
fighter airplane in the NAG A full-scale tunnel, indicated 
that % 

1, Pressure recoveries at the radiator greater 
than 90 percent of the free-streajn dynamic pressure 
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were obtainable at the low lift coefficient of 0.10, 
with the propeller rernovod, for inle t-veloci ty ratios 
ranging from Oj|.0 to O.75. Beyond the inlet- velocity 
ratio of O.75 the pressure recoveries decreased rapidly. 

2. The variation of pressure recovery with lift 
coefficient, with the propeller removed, was less than 
5 percent of the free-stream dynamic pressure at values 
of inlet- velocity ratio of 0.5; for inlet- velocity ratios 
greater than 0.5 the pressure losses ahead of the radiator 
increased rapidly with lift coefficient. 

5. Vanes in the diffuser of the forward underslung 
duct had little effect on the pressure recovery at low 
lift coefficients but reduced the adverse effects of 
increasing lift coefficient. 

I4.. Operation of the propeller, equipped with large- 
chord cuffs. Increased the total pressure^ at the radiator 
of the large duct approximately 7 percent of the free- 
stream dynamic pressure at the high-speed thrust coef- 
ficient of 0.02 and approximately percent of the 
free-stream, dynamic pressure at the climb thrust coeffi- 
cient of 0.11. 

5^ The static pressure at the outlet with no exit 
flaps was positive and with and without exit flaps 
increased with both the lift coefficient and the pro- 
peller thrust. 

6. ■ With the propeller removed, the static pressure 
at the outlet was reduced approximately 50 percent of 
the free-stream dynamic pressure by installing l^.^^ exit 
flaps; the effectiveness of the exit flaps increased 
considerably with power. 

7. At equal values of inlet-velocity ratio and 
pressure-drop coefficient for the orifice plate, the 
internal drag of the small duct was somewhat higher in 
some instances than that of the larger duct even though 
the air flow was considerably less. The higher drag 
was a result of the lower diffuser expansion ratio of 
the small duct, which resulted in a higher dynamic 
pressure within the duct and hence greater pressure 
losses and a greater pressure drop across the radiator. 
No comparison was made of the ducts on the basis of 
providing equal cooling. 
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8. Increases in the inlet- velocity ratio with the 
propeller removed increased the critical Mach number of 
the duct lower lip ard duct-fuselage fillets. 

9. Increases in the lift coefficient of the airplane 
with propeller removed increased the critical speed of 
the duct lip but decreased the critical speed of the 
fillets. 

10. Propeller op3ration had little effect on the 
critical speed of the lower lip. The critical soeed of 
the left fillet was only sli:i;htly decreased by propeller 
oneration; whereas, a substantial Increase wus measured 
at the right fillet. 
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TABLE I 

ORDINATE?. 0^ LO'vl-'SR LIPS OP LARGE AND 
SMALL FORWARD TJIJDERSLUNG DUCTS 
[a11 values are in inchesj 



X 



0 

.25 
.SO 

.75 
1.0 

1.25 
1.5 

1.75 
2.0 

2.5 

3.0 

ij-.O 

5.0 
6.0 
7.0 
3.0 



l/arge duct 



Small duct 



u 



.31 
.19 

. 0( : 
-.03 
-.10 
-.13 

-.33 
-.-0 

-.63 

-.78 

•1.05 
•1.30 
•i,5o 
•1.90 



^L 



-0.85 

■1.0 

•1.17 

-1.55 
-l.kB 
■1.63 

•1.75 
■1.85 

•1.95 
■2.15 
-2.p0 

■2.65 
■2.80 
■2.95 
■3.27 
•5.58 
■5.35 



U 



o.i+5 
.35 
.28 

.20 
.10 

0 

-.08 
-.20 
-.27 

-.I>5 

-.bl 

-.70 

-.95 
■1.10 

•1.29 

■l.bO 

•1.89 

•2.10 



-0.7 

-.93 
-1.10 

-1.30 

-1..I15 

-1.62 

-1.75 

-1.90 

-2.0 

-2.22 

-2.59 

-2.53 
-2.7S 

-2. is 

-3.10 
-3.51 

-3.1+7 




/7 V 



R = 0.5 In. 



R = 0.5 in 



Large duct 



Small duct 
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TABLE II 



COMPARISON OP PROFSLLER-RSMO^/SD AUD PROPELLER- OFSRATHTC- DATA 
FOR S?*:ALL forward miDERSLUJTG DUOT 



^L 


ISIomi- 

nal 
Ap/q2 


Outlet 


Exit 
flap 


0.10 


10.1 


Small . 


Off 


.10 


10.1 


Medium 


Off 


.10 


6.0 


Small 


Off 


.10 


6.0 


Medivim 


Off 


.10 


-■- » ( 


Small 


Off 


.10 




Med i Tin 


Off 


47 


10.1 


Medium 


On 


.^7 


6.0 


Medium 


On 


47 


1.7 


Medium 


On 



(H? - Po)/qo 


ViAo 




■ • ~1 

(P3 - Po'^Mo 


Propeller 


propeller 


Propeller 


Propeller 


Removed 


Oper- 
ating 


Removed 


Oper- 
ating 


Removed 


Oper- 
ating 


Removed 


Oper- 
ating 


0.96 

.95 
.93 
.95 
.97 
.9if 
.90 

.90 
.79 


1.02 

1.02 
1.01 
1.02 

.99 
1.03 
1.12 
1.20 


O.I4.O 

.51^ 
.58 

.6i| 
.52 

.65 
.32 


0.43 

■hi 


0.31 
. 511. 

.42 

.^0 

.63 


0.33 
.36 

.i|2 

it's 

.60 
.78 


O.lij. 
.11 
.13 

.13 
.21 

.17 
-.29 

-'^} 
-.3k 


O.lli 
.09 

-.59 
-.59 



Power condition. 




(dig) 


T 


High speed 
Climb 


0.10 

.i^-7 


60 

ko 


0.02 
.11 



> 
o 

> 



M 
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TABLE III 

SUIvIMARY OP DRAG DATA FOR LARGE 

FORIVARD UNDERSLTOIG DUCT 
ICt = 0.10; exit flaps off 
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Outlet 


Worainal 

Ap/q2 


3rRall^ 


11.2 


Medium 


11.2 


Large 


11.2 


Small 


5.5 


Small^ 


3.3 


Medium 


5.3 


Large 


5.5 



0.52j 

.6k 
.62 
.76 
.76 



AGd at Cl = 0.10 



0.50 

.57 


0.0028 


,o2 

.60 
.7|x 


. 0011 


.0020 
.0029 



0.0017 

.0026 0.0002 

.0025 i 

.OOlli .0000 

.0009 i 

.0016 I .OOOli. 
.0019 1 .0010 



0.76 
.75 



.6I1 



a 



Vanes installed in diffuser. 



SUMMARY OP DRAG DATA FOR SMALL 
FORWARD UNDERSLLWG DUCT 



jCL = 0.10; exit flaps offj 



Outlet 


Norainal 
Ap/q2 




ViAo 


AG£, at Cl = 0.10 




ACp 


, Lj 


^-De 


Small 

Medium 

Large 

Small 

Medium 

Large 
Small 
Medium ! 
Lai^ge 


10.1 
10.1 
10.1 
6.0 

6.0 
6.0 
1.7 
1.7 
1.7 


0.51 
.51; 
.51; 
.57 
.1;2 

.SO 
.50 


o.ko 

.55 
.65 

.65- 




0.0013 
.0018 
.0017 
.0011 
,0016 

.0020 
. 0007 

.0012 
. 0016 




... 


0.0018 
.0021 


0.0000 
.OOOi; 


0.S2 


.0013 

. 0022 


.0002 
.0002 


.58 


.0015 
.0017 


.0001 
.0001 


.38 
.1+1 ' 



NATIOIvAL ADVISORY 
C OMLI ITTEE FOR . AERONAUT IG S 



NACA ARR No. L4H15 



Fig. 1 




Figure 1- Genera/ arrangement of wind-tunnel 
model ^ ta^ic coney/ /-jon- 
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Fig. 2 



Section A 



0 

.116 
.232 

.694 

.925 
1.437 

l.g50 
2.315 

2.775 
3.700 
4.625 
5.560 

6. J-75 

7. 'J-io 

3.330 
9.250 



2lL 



0 

■ .280 

.390 

.535 
.64 

.390 
.990 
1.065 

1.110 

1.135 
1.095 

1.000 

.625 
.360 

0 



L.E. radius: 0.335 
T-E. radius; 0.056 



Section B 



X 


yu=yL 


0 


0 


.19^ 


.4-30 


.33g 


.625 


.775 


.930 
1.160 


I.I63 


1.550 


1.3^ 


2.330 


1.635 


3.100 


1.S45 


3.gS0 


2.000 


4.650 


2.110 


6.200 


2.190 


7.750 


2.100 


9.300 


1.84-0 


10.350 


1.1^65 


12.4-00 


1.025 


13.950 


.535 


15.500 


0 


L-E. radiuss 0.520 


T.E. radius: 0 
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Figure 2.- Dimensions of propeller cuff. 




Figure 5.- Model witn small forward underslung duct installed. 
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Fig. 6a, b 





(b) Small outlet; exit flap off. 
Figure 6.- Large forward underslung duct. 
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Fig. 6c, d 




(d) Large outlet; exit flap off. 
Figure 6.- Concluded. 
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Fig. 7a, b 




(b) Small outlet. 
Figure Small forward underslung duct. 



NACA ARR No. L4H15 



Fig. 7c, d 




( d ) Large outlet. 
Figure V.- Concluded. 




INLET 

AREA - 0.77 50 FT 




LARGE OUTLET 

AREA - 0.86 SO FT 




MEDIUM OUTLET 

AREA-0.7I 50 FT 




5MALL OUTLET 

AREA = 0.60 SO FT 



DUCT SECTION 
ON OF AlPPLANE 



THRUST 




> 

> 
> 

o 




LARGE OUTLET 
MEDIUM OUTLET 
SMALL OUTLET 



CeiFICE PLATE 
AREA - 1.53 SO FT 




Figure 9. - D/measlons end orrongemenf of small 
fortvo rd undersi ung duct. 
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Fig. 
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F'^puz-e /O. - Vor/crf/on of // ffcoeff/c/enf vj/fh (X. 
Moc/e/ /n bc/s/c cone//' f Jon. 
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Fig. 




C/ = 0.89 . NATIOIWl AOVBODV 

"-OMMITTEE FOR MS0IMUTK3 



/^ure II.-' Typical total-pressure dtsfributi'on at 

inlet to large duct- propeller removed. 



LG 



.6 



^ 1.0 



i 

CD 

o 

Co ir^ 

\ 















+ 




X 


X 










B 

B 






3—^ 




• -1 




X 




























^ — 
















































c. 




/o 
















□ 








- 




./o 
































































































1 

































o 




1 

• 






















A- 










K 






























































□ \ 



































fx/f In/et 



,3 



,6 



/"/fe^/PJ Wt7/7^5 























0 //.2 Off 
^ 3,3 Off 













< 










<3> v3.J 


I On 
? On 
' Off 
Off 














t 
















69 










□ 

V 


























□ 





































































1.0 



.9 



}Out 





u 




1 








1 












G 


O 














































47 

































































































^ 6.0 
























X 




r 
































































































































C 


NAl 
)MMIT 


ONAL 
EEFOI 


ADVI5C 
AERO 


RY 

lAUTlC 


1 



(O) Large duct. 



(b) 5ma// cfc/ct. 



r/gare /Zr-Var/af/on ofai/^erago to to/ pressure at fc7ce ofor/f/ce /D/afe w/th Vr/Vo. Large or)af 
sma// for)A/araf ur?c/&r3/ung a/act^; prope/Zerre/voved' 



(a.) C = O. lO. (b) Cl-O.89. 
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Figure I3r Typical total- pressure distributions at face of orifice 
plate, large i^rwarol underslung duch^ propeller 
remo\^ed. (Dots represent tube locations.^ 
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Fig. 14 
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f^/<pure fZ- Effect of propef/er oper<7f/on on f fie van of /on of total 

pressure of face of or/ f fee pfofe wl/f? V^/Vq. Lar^e forward 
unc/ers/un(p a/acf fr/ag^ed symbo/s for props //er ope /-of /r?^.) 
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Fig. 18 
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FiSun 19. - Effccf of propeller openzfyon on hM/-pmssure JistriLuHons a/ ^ce oforificeplccfe. 

Latye forward unJerslung dud: f Dots represent tube locations.) 
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FigureZL- Vario f /on of oc/Z/et static pressure ^ith outlet total pressure. Small for war €J 
unafers/ung duct; propel /er removed. 
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Fig. 22 
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